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SYSTEM AND METHOD FOR
DISPLAYING AN IMAGE ON A NETWORK ATTACHABLE DISPLAY DEVICE

CROSS-REFERENCE TO RELATED APPLICATION
This patent application is related to co-pending U.S. Patent Application, Serial
No. , entitled “SYSTEM AND METHOD FOR

COMMUNICATING GRAPHICS IMAGE DATA OVER A COMMUNICATION
NETWORK,” filed October 31, 2001, co-assigned herewith.

TECHNICAL FIELD OF THE INVENTION

The present invention relates generally to the field of computer systems, and

more particularly to a system and method for displaying an image on a network

attachable display device.

BACKGROUND OF THE INVENTION

In existing computer systems, a user’s input intended to modify the image on

the display is transmitted as a command with the associated data from a CPU to a
graphics adapter over an AGP (Accelerated Graphics Port) and a PCI (Peripheral
Component Interconnect) bus. A graphics chip on the graphics adapter renders the
image based at least in part on the received command. Graphics image data
associated with the rendered image is stored in a frame buffer. The image
information is typically stored in the frame buffer in a digital format. The digital data
stored in the frame buffer controls the color and intensity of every pixel on the
display. The graphics adapter may include a RAMDAC (Random Access Memory
Digital-to-Analog Converter) to convert graphics image data stored in the frame

buffer from digital to analog form for display on an analog display.
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The RAMDAC may be part of or separate from a display refresh unit.
Depending on the refresh rate of the display, the display refresh unit frequently reads
the contents of the frame buffer. If desired, the RAMDAC may convert the
information into analog form and send it to the monitor. Thus, for a 1280x1024 pixel
display using 24 bits per pixel, approximately 4MB of data has to be read from the
frame buffer for each refresh of the display. If the refresh rate of the display is 70
times per second, then approximately 280 MB of data is transmitted from the graphics
adapter every second.

Two resources in the graphics adapter compete for the same frame buffer - the
rendering unit and the display refresh unit. The rendering unit and the display refresh
unit may be part of the same graphics chip. Because of the frequent and constant
access of the frame buffer by the display refresh unit required to transfer large
amounts of data, the rendering performance of the graphics adapter is adversely
affected.

Furthermore, it is often desirable to display graphics information that is
generated by a computer on a remote display monitor. Sometimes it is desirable to
provide this type of remote graphics display across a communication network. One
approach to providing graphics image data to a remote display involves reading data
from the frame buffer back into the memory of the computer system, compressing the
data, assembling the data into IP (Intermnet Protocol) packets, and then sending the
packets to the destination computer over the communication network.

The destination computer receives the compressed image via a network
interface card and stores it in system memory. The compressed image is transmitted
to a PCI card where it is decompressed. The decompressed image is transmitted back
to the system memory. The decompressed image is then transmitted to a graphics
adapter on the destination computer via an AGP or a PCI bus. The graphics adapter
transmits video signals over a video cable to the display, typically a CRT (Cathode
Ray Tube), or LCD (Liquid Crystal Display) to display the graphics image. It may
be seen from the foregoing that there is considerable data movement on the

destination computer which increases the latency.
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SUMMARY OF THE INVENTION

In accordance with an embodiment of the present invention, a network

attachable display device comprises a display network interface operable to receive
graphics image data of an image over a communication network. The network
attachable display device also comprises a display frame buffer operable to store the
received graphics image data and a display refresh unit operable to read the stored
graphics image data from the display frame buffer. The display refresh unit is further
operable to display the image on a display unit.

In accordance with another embodiment of the present invention, a method for
displaying an image on a network attachable display device is disclosed. The method
comprises receiving, by a display network interface of the network attachable display
device, graphics image data of the image over a communication network; storing the
received graphics image data in a display frame buffer of the network attachable
display device; reading the stored graphics image data from the display frame buffer
by a display refresh unit; and displaying the image on a display unit.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present invention, the objects and

advantages thereof, reference is now made to the following descriptions taken in
connection with the accompanying drawings in which:

FIGURE 1 is a block diagram of an exemplary system in which a graphics
adapter of the present invention may be used;

FIGURES 2A-2B are logical block diagrams of a graphics adapter in
accordance with different embodiments of the present invention;

FIGURE 3 is a flowchart describing the operation of a graphics adapter in
accordance with an embodiment of the present invention.

FIGURE 4 is a flowchart describing the operation of a graphics adapter in
accordance with another embodiment of the present invention,;

FIGURE 5 is a flowchart describing the operation of a graphics adapter in

accordance with a further embodiment of the present invention;
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FIGURE 6 is a flowchart describing the operation of a graphics adapter in
accordance with yet another embodiment of the present invention;

FIGURES 7A-7B are logical block diagrams of a network attachable display
device in accordance with different embodiments of the present invention;

FIGURE 8 is a flowchart describing the operation of a network attachable
display device in accordance with an embodiment of the present invention; and

FIGURE 9 is a flowchart describing the operation of a network attachable

display device in accordance with another embodiment of the present invention.

DETAILED DESCRIPTION OF THE DRAWINGS

The preferred embodiment of the present invention and its advantages are best

understood by referring to FIGURES 1 through 9 of the drawings, like numerals being
used for like and corresponding parts of the various drawings.

There is a desire for an improved system and method for communicating
graphics image data over a communication network, such as a computer network.
Accordingly, a graphics adapter comprising a compression unit and a network
interface, capable of communicating with a destination device, such as a remote
computer, over a communication network, such as a computer network, is disclosed.
The graphics adapter also includes a memory unit, such as a frame buffer. In addition
to or in place of one or more video output ports, such as analog video ports, Digital
Visual Interface (DVI) video ports, and the like, that are included in existing graphics
adapters, the graphics adapter in accordance with the present invention may be
provided with a network interface port, for example an Ethernet port, an Infiniband
port, a fiber port, a wireless network transceiver, and the like. The network interface
port may be used for transmitting the contents of the frame buffer in either
compressed or uncompressed form via the computer network to one or more remote
computers.

FIGURE 1 is a block diagram of an exemplary system 10 in which thé
graphics adapter of the present invention may be used. System: 10 preferably
comprises at least one source device 12, such as at least one processor-based system,

for example computers, and at least one destination device 14. Destination device 14
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may comprise, for example a display device capable of being directly coupled to a
communication network, a display associated with a computer, and the like. One or
more source devices 12 may communicate with each other over a communication
network (not shown), such as a local area network. Source device 12 preferably
communicates with destination device 14 over a communication network 16.
Communication network 16 may comprise an intranet, an extranet and/or the Internet.

Source device 12 may comprise a graphics adapter 20. However, in
alternative embodiments, graphics adapter 20 may not be part of source device 12. In
such an embodiment, graphics adapter 20 may be coupled directly to communication
network 16.

FIGURE 2A is a logical block diagram of a graphics adapter 20 in accordance
with an embodiment of the present invention. Graphics adapter 20 comprises a
network interface chip 38 coupled to a memory unit 24. A graphics chipset 22 is also
preferably coupled to memory unit 24. Network interface chip 38 preferably
comprises a compression unit 26 and a network interface 28. If desired, graphics
adapter 20 may also comprise at least one video transmitter, for e‘xample an analog
transmitter 30 and a digital transmitter 32, coupled to memory unit 24. Preferably,
analog transmitter 30 and digital transmitter 32 are also coupled to each other. If
desired, network interface chip 38 may be coupled to graphics chipset 22.

Graphics chipset 22 is a conventional graphics chipset which renders the
image to be displayed on destination device 14. The image may be rendered based at
least in part on instructions received from a memory unit of source device 12 or
instructions received‘from destination device 14. Instructions from source device 12
are preferably received via a graphics port 34. Graphics port 34 may be a Peripheral
Component Interconnect (PCI) port, an Accelerated Graphics Port (AGP), an
Infiniband Port, a fiber port and the like. In an alternative embodiment, instructions
may be received via a network interface port 36. In such an embodiment, graphics
adapter 20 may not include graphics port 34. Rendering of an image typically
comprises translating high-level instruction to bitmap images which are a matrix of
pixels. The process of rendering is known in the art and as such will not be described

in detail herein.
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Memory unit 24 preferably comprises a frame buffer 50. Frame buffer 50 is
used to store information about the rendered image. Frame buffer 50 may store
information, such as color, transparency values, depth and/or the like, for each pixel
in the rendered image.

Compression unit 26 of network interface chip 38 preferably compresses the
data stored in frame buffer 50. Compression unit 26 includes compression logic
optimized for use with graphics image data stored in frame buffer 50. However, the
invention is not so limited and any kind of compression logic may be used by
compression unit 26. Compression unit 26 may be implemented using general-
purpose hardware components, such as a digital signal processor or microprocessor,
and appropriate software for controlling the operation of the hardware components. If -
desired, compression unit 26 may be implemented using dedicated hardware, an
Application Specific Integrated Circuit (ASIC) or a Field Programmable Gate Array
(FPGA) that is specially designed for carrying out the compression.

Network interface 28 formats the graphics image data for transmission over a
network, such as communication network 16. A network interface port 36, for
example an Ethemet port, an Infiniband port, a fiber port, a wireless network
transceiver, and the like, is preferably coupled to network interface chip 38. Network
interface 28 converts the graphics image data into packets to be transmitted to
destination device 14 via network interface port 36 over communication network 16.
The graphics image data may be obtained by network interface 28 either from
compression unit 26 or from frame buffer 50. For example, in one embodiment,
graphics image data from frame buffer 50 may be compressed by compression unit 26
and provided to network interface 28. In another embodiment, after compressing the
graphics image data, compression unit 26 may provide the data back to frame buffer
50 and network interface 28 may read the compressed graphics image data directly
from frame buffer 50. In yet another embodiment, for example when compression of
graphics image data is not desired, network interface 28 may read graphics image data
directly from frame buffer 50.

Analog transmitter 30 comprises a conventional RAMDAC and may be used
to convert graphics image data stored in memory unit 24 from digital format into an

analog format to be transmitted to an analog device, such as an analog monitor which
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may be coupled to source device 12, via analog video port 40. Digital transmitter 32
comprises a conventional Digital Visual Interface (DVI) transmitter and may be used
to transmit graphics image data in digital format from memory unit 24 to a digital
device, such as a digital monitor which may be coupled to source device 12, via
digital video port 42.

FIGURE 2B is a logical block diagram of graphics adapter 20 in accordance
with another embodiment of the present invention. Graphics adapter 20 as shown in
FIGURE 2B comprises a network attachable graphics chip 52 coupled to memory unit
24. Network attachable graphics chip 52 comprises a graphics unit 44, compression
unit 26 and network interface 28. If desired, graphics adapter 20 may also comprise
at least one video transmitter, for example analog transmitter 30 and digital
transmitter 32, coupled to memory unit 24. Preferably, analog transmitter 30 and
digital transmitter 32 are also coupled to each other. In graphics adapter 20 of
FIGURE 2B, network interface port 36 is preferably coupled to network attachable
graphics chip 52. Graphics unit 44 performs substantially the same function as
graphics chipset 22 of FIGURE 2A.

One of the advantages of graphics adapter 20 of FIGURE 2B over the
embodiment of FIGURE 2A is that the manufacturing cost of the graphics adapter can
be reduced as only one chip, network attachable graphics chip 52, is used in the
embodiment of FIGURE 2B. '

In an altermative embodiment, graphics adapter 20 does not include analog
transmitter 30 or digital transmitter 32. In yet another embodiment, graphics adapter
20 does not include analog video port 40 and digital video port 42; graphics image
data is transmitted to source device 12 via network interface port 36.

In yet another embodiment of the present invention, graphics adapter 20 does
not include graphics port 34 for receiving graphics commands. Instead graphics
adapter 20 receives graphics commands over communication network 16 via network
interface port 36. The graphics command may be received from source device 12 or
from destination device 14. '

FIGURE 3 is a flowchart 90 describing the operation of graphics adapter 20 in
accordance with an embodiment of the present invention. In step 92, the graphics

adapter waits for either the lapse of a predetermined period of time or the receipt of an
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update request. The predetermined period of time may be dependent upon the refresh
rate of a display associated with destination device 14. Destination device 14 itself
may be the display. The update request may be received by graphics adapter 20 from
source device 12 via graphics port 34. The request may also be received by the
graphics adapter from destination device 14 via network interface port 36 over
communication network 16.

Upon the occurrence of one of the above events, a determination is made in
step 94 as to whether the graphics image data in frame buffer 50 has been changed
since the last update. If the graphics image data in frame buffer 50 has not been
changed, then the process starting at step 92 is repeated. The step of determining

whether the graphics image data in frame buffer 50 has been changed is optional and

" has been shown in FIGURE 3 by dashed lines.

In the preferred embodiment of step 94, a flag is read to determine whether the
graphics image data in frame buffer 50 associated with the destination device has
been updated since the last transmission. The flag may have been previously set by
graphics chipset 22 during a write to frame buffer 50. For example, when information
for each pixel is written into frame buffer 50, the pixel value could be compared with
a previously stored value, and the flag is set if there has been a change. If desired, the
particular region of frame buffer 50 associated with the destination device that has
changed may also be tracked, for example by tracking the minimum and maximum
values in the x and y coordinates for the region that has changed. '

In step 98, graphics image data from frame buffer 50 is read by compression
unit 26. If desired, color coalescing may be performed in this step. . A Display
Refresh Unit (DRU) may perform the task of color coalescing. The DRU may be part
of the network interface chip or may be coupled to the network interface chip. Color
coalescing is the process of merging images of multiple display surfaces, such as a
primary display surface and one or more overlay planes into a single image. One or
more color look-up tables containing colors for the pixels may be stored in registers
(not shown) on graphics chipset 22. A window identifier may be used to determine
the color look-up table to be used. Based on the value for the pixels stored in frame
buffer 50, the colors for the pixels are obtained from the determined color look-up

table.



IEI T

"E
[

10

15

20

25

30

10017760-1 ‘ '

In step 100, a determination is made as to whether compression is enabled. A
compression bit within a register (not shown) on graphics chipset 22 may be read to
determine if compression is enabled or not. If compression is enabled, then in step
102, graphics image data read from frame buffer 50 is compressed preferably by
compression unit 26. Preferably, a compression algorithm optimized for compressing
graphics image data read from frame buffer 50 is used. However, any of a variety of
compression algorithms may be used by compression unit 26 to compress the data
read from frame buffer 50. After compression, compression unit 26 may write the
compressed data back to frame buffer 50. Compression of graphics image data prior
to transmission over communication network 16 significantly reduces the amount of
data that is transmitted over communication network 16.

If, in step 100, it is determined that compression is not enabled, then execution
proceeds directly to step 104. In step 104, graphics image data is formatted for
communication over communication network 16, preferably by network interface 28.
Network interface 28 may read graphics image data from frame buffer 50 or may
recéive graphics image data directly from compression unit 26. In a preferred
embodiment, graphics image data, whether in compressed form or in uncompressed
form, is formatted into a plurality of packets suitable for transmission over
communication network 16 using a communication protocol, such as Internet Protocol
(IP). The formatted data packets include, among other things, identification
information of destination device 14 to which the graphics image data is to be
transmitted. Identification information may include for example an IP address of
destination device 14. Identification information about destination device 14 may be
received by graphics adapter 20 either from source device 12 or from destination
device 14 itself.

In step 106, the formatted graphics image data is transmitted over
communication network 16 to destination device 14, preferably as one or more
Internet Protocol (IP) packets. The packets include a portion of the graphics image
data (payload) and identification information about destination device 14. If desired,
the same graphics image data may be transmitted to more than one destination device
14. This may be accomplished, for example, by creating data packets with the same

payload but different identification information corresponding to the different
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destination devices. If desired, the formatted graphics image data may be transmitted
via graphics port 34 to source device 12. Transmitting the graphics image data to
source device 12 allows the source device to perform further processing of the
graphics image data as desired. By transmitting packets with the same payload to
more than one destination device, the same data may be presented to users of multiple
destination devices, thereby enabling sharing of graphics image data by these multiple
users. If desired, different graphics image data may be transmitted from graphics
adapter 20 to the different users as described herein with reference to FIGURE 6.

FIGURE 4 is a flowchart 110 describing the operation of a graphics adapter in
accordance with another embodiment of the present invention. In step 112, the
graphics adapter receives a request for an updated image from destination device 14.
The request is received preferably over communication network 16 via network
interface port 36. Information identifying destination device 14 may also be received
from destination device 14.

In step 116, graphics image data is stored in frame buffer 50. In step 118,
graphics image data from frame buffer 50 is read preferably by compression unit 26.
If desired, color coalescing may be performed in this step. In step 120, a
determination is made as to whether compression is enabled. If compression is
enabled, then in step 122, graphics image data read from frame buffer 50 is
compressed preferably by compression unit 26.

If, in step 120, it is determined that compression is not enabled, then execution
proceeds directly to step 124. In step 124, the graphics image data is formatted for
communication over communication network 16, preferably by network interface 28.
Network interface 28 may read graphics image data from frame buffer 50 or may
receive graphics image data directly from compression unit 26. In a preferred
embodiment, graphics image data, whether in compressed form or in uncompressed
form, is formatted into a plurality of packets suitable for transmission over
communication network 16 using a communication protocol, such as Internet Protocol
(IP). The formatted data packets include, among other things, identification
information of destination device 14 to which the graphics image data is to be
transmitted. Identification information may include for example an IP address of

destination device 14. In step 126, the formatted graphics image data is transmitted
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over communication network 16 to destination device 14, preferably as one or more
IP packets.

FIGURE 35 is a flowchart 130 describing the operation of a graphics adapter in
accordance with a further embodiment of the present invention. In the method of
5 flowchart 130 only the portions of the frame buffer that héve changed since the last
update are transmitted to destination device 14. Graphics image data for a display
may be effectively partitioned into a plurality of blocks, for example 16,384 blocks.
As mapped to a display, these blocks may comprise an array of 128 blocks by 128
blocks. In a display having a resolution of 1,280 pixels by 1,024 pixels, each block
10 . has a corresponding resolution of 10 pixels by 8 pixels. However, the present
invention is not so limited and a number of different block sizes may be chosen based
upon system resources, the nature of the graphics image data to be transmitted, and a

number of other factors.
Preferably, frame buffer 50 of graphics adapter of FIGURES 2A-2B stores

15 information about both a new image and a previous image so that comparisons

between the two images may be made. In step 132, the graphics adapter waits for

3 cither the lapse of a predetermined period of time or the receipt of an update request.
Er~ The predetermined period of time may be dependent upon the refresh rate of a display
E associated with destination device 14. The request for an update may be received
20 from source device 12 with which the graphics adapter is associated via graphics port

34. The request may be received by the graphics adapter from destination device 14
via network interface port 36 over communication network 16.
In step 134, portions or blocks of the graphics image data stored in the frame
buffer corresponding to the new image are compared to corresponding portions or
25 blocks of the graphics image data stored in the frame buffer corresponding to the
previous image. In step 136, a determination is made as to whether any portions have
changed since the last update. If the graphics image data has not been changed then
the process starting at step 132 is repeated.
In step 138, a determination is made as to whether compression is enabled. If
30 compression is enabled, then in step 140, graphics image data for portions or blocks
of the new image that are determined to be different from the corresponding portions

or blocks of the previous image are compressed. In an alternative embodiment, only
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those blocks that have changed since the last update and are within a “region of
interest” specified by destination device 14 are compressed. This may be desirable,
for example, when destination device 14 only desires to update specific portions of its
display, for example a specific window of a plurality of windows. '

If, at sfep 138, it is determined that compression is not enabled, then execution
proceeds directly to step 142. In step 142, graphics image data for blocks that have
changed is formatted for communication over communication network 16, preferably
by network interface 28. In a preferred embodiment, graphics image data in any
block with any change at all from the previously stored block may be formatted. If
desired, some threshold for change may be set. The graphics adapter may be
configured to evaluate the degree or amount of change and format the graphics image
data only if it has changed by some predetermined amount.

Network interface 28 may read graphics image data from frame buffer 50 or
may receive graphics image data directly from compression unit 26. In a preferred
embodiment, graphics image data associated with any blocks that have changed,
whether in compressed form or in uncompressed form, is formatted into a plurality of
packets suitable for transmission over communication network 16 using a
communication protocol, such as Internet Protocol (IP). A packet may include one or
more blocks of graphics image data. The formatted data packets include, among other
things, identification information of destination device 14 to which the graphics image
data is to be transmitted. Identification information may include for example an IP
address of destination device 14. Identification information about destination device
14 may be provided to the graphics adapter either from source device 12 or from
destination device 14 itself.

In step 144, block identifiers (IDs) are added to the packets of data to be
transmitted. The block ID information is preferably used by destination device 14 for
updating a display associated with it. A block ID identifies the particular block for
which graphics im.age data is being transmitted. A block ID may be a block number.
If desired, the minimum and maximum values in the x and y coordinates (Xmin, Xmax»
Y min, Ymax) for the block may be used as the block ID. The four corners of the block
that is identified by the minimurﬁ and maximum values in the x and y coordinates are

given by (Xmim Ymin)a (XmaX9 Ymin), (XmaXa Ymax) and (Xmim Ymax)-
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In step 146, formatted graphics image data is transmitted over communication
network 16 to destination device 14, preferably as one or more IP packets. If, desired,
formatted graphics image data may be transmitted over graphics port 34 to source
device 12. The same graphics image data may be transmitted to one or more

5 destination devices 14. This may be accomplished, for example, by creating data
| packets with the same payload but including identification information, such as IP
addresses, for different destination devices in the data packets.

In steﬁ 148, one or more blocks of frame buffer 50 corresponding to the
previous image are updated. Preferably, only the blocks of the frame buffer

10 associated with the previous image that have changed are overwritten by graphics
image data for the corresponding blocks of the new image. If desired, the entire
portion of the frame buffer associated with the previous image may be overwritten by
graphics image data from the frame buffer associated with the new image.

It may be desirable to periodically transmit an entire frame buffer associated

15 with a display to avoid problems that may occur due to packets lost in transmission or
otherwise. If desired, destination device 14 may be configured to transmit
acknowledgements back to the graphics adapter to better ensure proper

synchronization between the graphics adapter and destination device 14.

FIGURE 6 is a flowchart 150 describing the operation‘of a graphics adapter in

= 20 accordance with yet another embodiment of the present invention. The method as
described herein with reference to FIGURE 6 may be used to provide support for
multiple destination devices by the same graphics adapter. The graphics adapter of
the present invention may be useci to render graphics for multiple destination devices,
such as multiple computers, coupled to communication network 16. Graphics image

25 data may be transmitted from the graphics adapter to the destination devices via
network interface port 36 over communication network 16 without the need for
separate ports for the different destination devices. Thus, the number of destination
devices that may be supported is not limited by the number of physical ports
associated with the graphics adapter.

30 In step 152, the graphics adapter waits for either the lapse of a predetermined
period of time or the receipt of an update request. The predetermined period of time

may be dependent upon the refresh rate of a display associated with a destination
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device. The request for an update may be received by the graphics adapter from
source device 12 with which the graphics adapter is associated via graphics port 34.
The request may be received by the graphics adapter from destination device 14 via
network interface port 36 over communication network 16.

5 Upon the occurrence of one of the above events, in step 154, the portion of
frame buffer 50 corresponding to destination device 14 to which graphics image data
is to be transmitted is determined. In the preferred embodiment, a destination device
table may be looked up to determine the portion of the frame buffer 50 corresponding

to the destination device. The destination device table preferably includes

10 information about one or more destination devices, such as identification information
L of the destination device, the region of frame buffer 50 assigned to the destination
E‘ device, information indicating whether graphics image data corresponding to the
::f} destination device has changed, and/or the like.
;E In step 156 a determination is made as to whether the graphics image data
L‘—i 15 corresponding to the destination device in frame buffer 50 has been changed since the

last update. If the graphics image data in frame buffer 50 has not been changed, then
the process starting at step 152 is repeated. The step of determining whether the
graphics image data in frame buffer 50 has been changed is optional and has been

shown in FIGURE 6 by dashed lines.

= 20 In step 158, a determination is made as to whether compression is enabled. If

compression is enabled, then in step 160, graphics image data stored in the portion of

frame buffer 50 associated with the particular destination device is compressed
preferably by compression unit 26.

If, in step 158, it is determined that compression is not enabled, then execution

25 proceeds directly to step 162. In step 162, the graphics image data associated with the

particular destination device 14 is formatted for communication over communication

network 16, preferably by network interface 28. Network interface 28 may read

graphics image data from frame buffer SO or may receive graphics image data directly

from compression unit 26. In a preferred embodiment, graphics image data, whether

30 in compressed form or in uncompressed form, is formatted into a plurality of packets

suitable for transmission over communication network 16 using a communication

protocol, such as Internet Protocol. The formatted data packets include, among other
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things, identification information of destination device 14 to which the graphics image

data is to be transmitted. Identification information may include for example an IP

address of the particular destination device 14. Identification information about

destination device 14 may be received by the graphics adapter either from source
5 device 12 or from destination device 14 itself.

In step 164, the formatted graphics image data is transmitted over
communication network 16 to destination device 14, preferably as one or more IP
packets.

A technical advantage of an exemplary embodiment of the graphics adapter of

10 the present invention is that graphics image data does not have to be transferred back
into the memory of the source computer in order to be transferred to a destination
device. Because the graphics adapter may be directly connected to a communication

b network, graphics image data from the graphics adapter may be directly transmitted

over the communication network to the destination device. Another technical

15 advantage of an exemplary embodiment of the graphics adapter of the present
invention is that graphics image data of the frame buffer is transmitted to the

= destination device only if the contents of the frame buffer have changed. Moreover, if

:E, desired, graphics image data for only particular regions of interest, for example, the
Z* blocks of the frame buffer that have changed, may be transmitted, thereby eliminating
i

; 20 the need to transmit the contents of the entire frame buffer with every update.

Moreover, the graphics image data may be tagged or addressed and sent to

‘more than one destination device. Thus, multiple destination devices may be

simultaneously supported by the same graphics adapter without being limited by the

number of physical ports associated with the graphics adapter. The multiple

25 destination devices may be provided with the same image data thereby allowing

multiple users to collaborate on the same project. If desired, different portions of the

frame buffer may be allocated to different destination devices and the multiple
destination devices provided with different data.

FIGURE 7A is a logical block diagram of a network attachable display device

30 14 in accordance with an embodiment of the present invention. Network attachable

display device 14 comprises a display network interface 172 coupled to a display

memory unit 174, a display decompression unit 176 and a display refresh unit 178.
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Display memory unit 174 is also coupled to display decompression unit 176 and
display refresh unit 178. Display decompression unit 176 is also coupled to display
refresh unit 178 and display refresh unit 178 is also coupled to a display unit 180.

' Network attachable display device 14 of the preferred embodiment is capable
of being coupled to a communication network, such as communication network 16.
Thus, network attachable display device 14 may communicate with other devices
coupled to communication network 16 and may receive and/or transmit commands
and/or data to and from such devices over communication network 16 via network
interface port 182.

Display network interface 172 is operable to receive data, such as graphics
image data, from a source device, such as source device 12, graphics adapter 20, a
graphics appliance, and/or the like, over a communication network, such as
communication network 16, via a display network interface port 182, for example an
Ethernet port, an Infiniband port, a fiber port, a wireless network transceiver, and the
like. The graphics image data is preferably received in a packetized format.

Display memory unit 174 preferably comprises a display frame buffer 170.
Display frame buffer 170 is used to store graphics image data that is to be displayed
on display unit 180. The graphics image data may be stored in display frame buffer
170 in either compressed or decompressed. form. Display frame buffer 170 may store
information, such as color for each pixel to be displayed on display unit 180.

Display decompression unit 176 preferably decompresses the data received by
display network interface 172. Display decompression unit 176 includes
decompression logic optimized for use with graphics image data. However, the
invention is not so limited and any kind of decompression logic may be used by
display decompression unit 176. Display decompression unit 176 may be
implemented using general-purpose hardware components, such as a digital signal
processor or microprocessor, and appropriate software for controlling the operation of
the hardware components. If desired, display decompression unit 176 may be
implemented using dedicated hardware, an ASIC or a FPGA that is specially designed
for carrying out the decompression. In the embodiment shown in FIGURE 7A,
display decompression unit 176 is also coupled to display network interface 172 and

display refresh unit 178.
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Display refresh unit 178 is a conventional display refresh unit typically used in
graphics adapters. In the embodiment shown in FIGURE 7A, display refresh unit 178
is coupled to display unit 180. Display unit 180 preferably comprises a CRT
(Cathode Ray Tube). In alternative embodiments, display unit 180 may comprise a
5 Liquid Crystal Display (LCD), a Thin Film Transistor (TFT), a Light Emitting Diode
(LED), organic polymers and/or the like now known or later developed. Depending
on the display refresh rate of display unit 180, display refresh unit 178 reads the
graphics image data from display frame buffer 170 frequently and refreshes display

unit 180 at the refresh rate of display unit 180.

10 Display unit 180 is preferably logically divided into horizontal segments.
L Preferably display unit 180 is refreshed starting from the top left corner of the desired
Hf,_:j portion of display unit 180 and moving to the right. Once a horizontal segment of
,“}, display unit 180 is refreshed, the next horizontal segment is refreshed starting from

the left and moving to the right until the desired portion of display unit 180 is
15 refreshed. This process is repeated frequently depending on the display refresh rate of

display unit 180.
FIGURE 7B is a logical block diagram of a network attachable display device

14 in accordance with another embodiment of the present invention. Network

attachable display device 14 as shown in FIGURE 7B comprises a network attachable

20 display controller 186 coupled to display memory unit 174 and display unit 180.
Network attachable display controller 186 comprises display network interface 172,
display decompression unit 176 and display refresh unit 178. In network attachable
display device 14 of FIGURE 7B, display network interface port 182 is coupled to
network attachable display controller 186.

25 " One of the advantages of network attachable display device 14 of FIGURE 7B
over network attachable display device 14 of FIGURE 7A is that the manufacturing
cost of the network attachable display device can be reduced as a single chip, network
attachable display controller 186, includes the functionality of display network
interface 172, display decompression unit 176 and display refresh unit 178.

30 FIGURE 8 is a flowchart 190 of a method of operation of a network attachable
display device in accordance with an embodiment of the present invention. In step

192, graphics image data is received from a source device, such as a computer, a
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graphics device, a server, an Internet appliance and/or the like, for example source

‘device 12 or graphics adapter 20, over a communication network, such as

communication network 16, via display network interface port 182. The data is
received preferably as a plurality of packets. Display network interface 172
assembles the received data in a format suitable for storage in display frame buffer
170. For example, if the packets of data include information indicating the portions of
display unit 180 with which the data included in the packets are associated, then
display network interface 172 stores the data in the appropriate portions of display
frame buffer 170.

In step 194, the assembled graphics image data is stored in display frame
buffer 170. In step 196, a determination is made as to whether the graphics image
data stored in display frame buffer 170 is in compressed form. If the stored graphics
image data is in compressed form, then in step 198 the stored graphics image data is
decompressed, preferably by display decompression unit 176. In step 200,
decompressed data is stored in display frame buffer 170.

If, in step 196, it is determined that the graphics image data stored in display
frame buffer 170 is not in compressed form, then execution proceeds directly to step
202. In step 202, graphics image data is read from display frame buffer 170.
Preferably, display refresh unit 178 reads the data from display frame buffer 170 and
refreshes display unit 180 at the display refresh rate of display unit 180.

FIGURE 9 is a flowchart 206 of a method of operation of a network attachable
display de-vice in accordance with another embodiment of the present invention. In
step 208, graphics image data is received from a source device, such as a computer, a
graphics device, a server, an Internet appliance and/or the like, for example source
device 12 or graphics adapter 20, over a communication network, such as
communication network 16 via display network interface port 182. The data is
received preferably as a plurality of packets.

In step 210, a determination is made as to whether the graphics image data
stored in display frame buffer 170 is in compressed form. If the graphics image data
is in compressed form, then in step 212, display network interface 172 provides the
graphics image data to display decompression unit 176 and the graphics image data is

decompressed, preferably by display decompression unit 176, preferably “on the fly”.
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For this purpose graphics image data received by display network interface 172 is
transferred to display decompression unit 176 and display decompression unit 176
decompresses the graphics image data “on the fly”.

If, in step 210, it is determined that the graphics image data stored in display
frame buffer 170 is not in compressed form, then execution proceeds directly to step
214. In step 214, decompressed data is stored in display frame buffer 170.

In step 216, graphics image data is read from display frame buffer 170.
Preferably, display refresh unit 178 reads the data from display frame buffer 170 and
refreshes display unit 180 at the display refresh rate of display unit 180.

Preferably, display frame buffer 170 stores graphics image data corresponding
to both a new image and a previous image. Graphics image data corresponding to the
previous image is preferably graphics image data for the image currently displayed on
display unit 180. Graphics image data corresponding to the new image is preferably
graphics image data for the image to be displayed on display unit 180. Once display
decompression unit 176 or display network interface 172 has stored graphics image
data corresponding to the new image in display frame buffer 170, display refresh unit
178 may read graphics image data from the portion of display frame buffer 170
corresponding to the new image. After a new image has been displayed on display

unit 180, the graphics image data corresponding to the previous image may be

" overwritten by the graphics image data for the new image. Thereafter, display refresh

unit 178 may read graphics image data from the portion of display frame buffer 170
corresponding to the previous image ‘and refresh display unit 180 at the display
refresh rate.

The use of display frame buffer 170 to store graphics image data related to
both the new image and the previous image prevents “tearing” of the displayed image
which may otherwise result if the display refresh unit 178 is refreshing the display
unit 180 at a rate which is faster than the rate at which graphics image data related to
the new image is being written to display frame buffer 170. The use of display frame
buffer 170 to store graphics image data related to both the new image and the
previous image may be avoided if graphics image data corresponding to the new
image is stored in display frame buffer 170 at least as fast as the rate at which display

unit 180 1s refreshed.
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A technical advantage of an exemplary embodiment of the network attachable
display device of the present invention is that graphics image data does not have to be
transferred into the memory of a computer in order to be displayed on the network
attachable display device. Because the network attachable display device may be
directly connected to a communication network, graphics image data may be directly

received over the communication network by the network attachable display device

itself.
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